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Human jejunal intracellular picJ orJpo] vp)ui*ninif 
hvdreluM w us purified '30-fold lion) intestinal murott. 
The apparent molecular weight of tb* enzyme "wa> 
76,000 bv Sepbadej G-200 pel filtration, sod the is- 
oelectric point, ^a* at pH 6.0. The enzyme v. a* mB3)- 
maJiv tclivt at pH 4.5 and -was unstable el incr eaainj: 
temper mure*. IntracelluJar piej oylpolyFlutama te by- 
droJas* clea v«-d b<)tbierminsilandinierna)-)-Flutarnsiie 
linkage*. In contra*!, brush-border pieroylpoly pluta- 
msle hydrolaae catalyzed the hydrolysis of only ter- 
minal -)-g]utamf>te linkaFes. The intr a cellular enzyme 
showed urefit**! a/finily /or the complete folic acid 
molecule with longer glutsmate chain*. Subcellular 
fractionation stodie* showed the inn srelluJar enzyme 
wa* localised iD lyr-osomes. Thr*e data show tbst the 
properties of human jejunal intracellular pleroylpcly- 
Fluietnate hydrolaj* are distinct from tbo*e of the 
brush-border eciymc but are similaT to the properties 
of intracellular picroylpolyg-lummeie hydrolase de- 
bribed in other tia* ue». 



Pieioylpolyf luuamat* hydrolase? catalyze the hydrolysis of 
pteroylpolyglutamates 10 derivatives with fhonei flutamau 
chain's. These enzymes have been described in the intestinal 
mucosa of several different species. Only the intracellular 
form of pttroylpolyglutamate hydrolase has been found in the 
intestinal mucosa of most animals, whereat two forms of the 
enzvme have been identified in humeri and pif intestinal 
mucosa. The first is associated with the brush-bolder mem- 
brane, and the second is soluble end in the intracellular 
faction (1 ). Wt recently described the purification end prop- 
erties of human brusb-border pteroylpclyfiutamat* hydrolase 
and showed that this tniymt is involved in the digestion of 
puroylpolypluLemate, the predominant form of dietary folate 
12). Relatively little is known, however , about the properties 
of human intestinal intracellular pteroylpolyf lutamete hydro- 
lase and its possible role in folate metabolism. Our present 
objectives were to isolate and characterise intracellular pter- 
oylpolyf lutaroate hydrolase from human intestinal mucosa 
and to compare its properties with those of the human intes- 
tinal brush-border enzyme. These data show distinct proper- 
ties lor each hydrolase and suppest that intracellular pleroyl- 
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poiyriutamau hydrolase may play a role in cellular folate 
EirtabcJijDi that if unrelated to the difesiion of dietary fol- 



EXPtfclMENTAL PROCEDURE?' 



Physical ptqfxrtiei — Intracellular pteroyjpolyclutamate 
hycjoiaw was purified 30-fold (Table l).Tht apparent molec- 
ular wejrht was estimated by eel filtration to be 75,000. The 
isoelectric point was at pH 8.0. Merimal activity of the 
enzyms occurred at pH 4.6 (Fig. \A) and at 66 X (Fig. IB). 
The (r.xy-TD* was unliable at 31 "C in pH 4.6 assay buffer 
alone (Fif. 1C). However, the linearity of the product versus 
time curve for up to 46 min (Fif. ]£5) indicsted a protective 
effect of the substrsu at 37 "C and ensured the validity of the 
enzyms assays. The activity of intracellular pteroylpolyf lii- 
Umeu- hydrolase was u/iaJfected by diajysis afainst 1 mW 
EDTA, and the addition oflOOfiM jinc acetate to the reaction 
miiture resulted in 15% inhibition. 

Affirur,' tor Substrate— Tht X„ for PteGlu,, : determined 
item a Lintwetver-Burii plot, wai 1.2 >jM. Fi{. 2 shows recip- 
roceJ ploU' of PteClu,-, hydrolysis in the presence of varied 
concentrations of PteGlu,. Thia compound was a competitive 
inhibitor of the reaction, with a X,- of COS »jM obtained from 
a replot of the j inttrcepta. FoeGlu, al«o showed similar 
inhibition characteristics but had lower affinity for the «n- 
:yme, «ith a K : of 1.2 >;M (data not shown). The effects of 
various PteGJu„ moieties on the activity of the enzyme is 
shown in Table 11. Complete inhibition of PleGluj hydrolysis 
was observed with PteGlu, and PteGlu, at 0.] mW. Both 
PteGlu and H.PteGlu at 0.3 rnM caused a 16S inhibition and 
at 1.0 mM, a 60% inhibition. At 1 roki, purine and vdiflu- 
ttmeu showed 60 and 30% inhibition, respectively. There 
wbs a slifht inhibition by 1 mM p-aminobtnxoylfluUmic acid 
and no inhibition bv 1 mM glutamic acid, o-dirlutaumic acid, 
or o-trifrlutEJEic acid (Table 11). 
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PteGlu 
H.PteGlu 
PuGlu; 
PtrGlu, 



c-Glumpvlfluugiiyltiu^roif arid IOC li^ . 

Mechanitm 0/ Hyarclyt is- Af shown in Fig. 3, the labeled 
products resulting from hydrolysis of PteGlu, l'*C]Glu were 
equal tuiounu of ["Opluiamic acid end 7-g)utamyl["CJglu- 
tamic ecid. Timed incubations of the enzyme' with PwGlu, 
chewed the rapid appearance of folic acid (PteGlu), witb 
minimal accumulation of inu -i mediate product* IT if. 4). In- 
cubation of tbe enzyme with PteGlu 5 [ 1 *C)GluLeu-. resulted in 
a release of radioactivity thBt corresponded to 69c of the 
hydrolysis rate when using PteGlu., as substrate. 

'Subcellular Loco/ ion— Using fresh tissue, intracellular ptei ■ 
oylpolyglutameu hydrolase was localize in the fractions 
enriched with mitochondria and lypofomes (Fif. bA )Jmunf 
and thawing of the tissue resulte-d in a similar redistribution 
of the lysosomal marker enzyme and intracellular pteroylpol- 
yglutamete hydrolase (Fif. bB). More than b0% of both the 
lysosomal marker A-scetylgluco.saminidase and pteroyipolv- 
glutemsu hydrolase appeared in the soluble fraction. Otber 
marker enzymes showed no changes when compared to fresh 



The 



SCUSEION 

absorption of dietary folate it attributed u 



y of specific pteroy IpclyglutamU: hydrolases located in 
the intestinal mucosB. To understand the mechanisms in- 
volved in absorption of dietary folate, we have focused oui 
studies on two ptcroylpolyg lutamete hydrolases in human 
intestinal mucosa. Recently, we reported on the purification 
and properties of the brush-border enzyme (2). In the present 
study, we have examined the properties of the intracellular 
purcylpolyglutamete hydrolase to understand the possible 
relationship of the two enzymes in folate digestion and me- 
te holism. 

As shown in Table 1, a 30-fold purification of intracellular 
pteroylpolyglutsmale hydrolase was achieved. The enzyrat 
has an apparent molecular weight of 7fc,000, optimal activity 
a t pH 4.6, £ pi of g.O, and instability at increasing temperature. 
The inhibition of PteGlu, hydrolysis by PteGlu ; (K, = 1.2 
,i m ) and PteGlu, ( K, = 0.O9 ^m) showed competitive inhibition 
patterns with Lim-weaver -Burk ploU, indicative of peeler 
aJfimtv for longer chain pteioyipolyclutamalet. Inhibition o! 
PteGiu; hydrolysis by PteGlu„, and to a lesser f nent by other 



folate derivatives, and the leek of inhibition by o - gluta mates 
or other moieties suggest that the tDZyme requires both tbe 
complete folic acid moiety and 7-pluLamcte linkage for ectiv- 
itv. The enzyme is capable of cleaving both terminal and 
interna] Tpeptide bonds since incubation of. intracellular 
purcylpolyglutainete hydrolase with PteGlu 5 ( '*C]Glu re- 
sulted in the release of both "C-labtled glutamic acid and 
"C-labeled diglulamic acid The release of radioactivity when 
the enzyme was incubated with PteG)ujI u C]GluL*u, and tbe 
minimal accumulation of the intermediate product with 
PteGlu- incubation support this conclusion. Subcellular frac- 
tionation studieE using differential centrifugation demon- 
strated that the intracellular pteroylpolyg lutamete hydrolase 
is located in tbe lysosomes. 

Comparisons of the properties of human intracellular and 
brush-border pterovlpolvglutamste hvdrolase indicate that 
they ere distinct enzymes (Table 111). The differences between 
these two enzymes include molecular weight, optimum pH, 
temperature stability, arid requirement for metal iona end a 
reducing agent. Both enzymes showed similar K„ values for 
PteGlu; and greatest affinity when both the folic ecid moiety 
and the -,-gjuiamete bond were present. However, intracel- 
lular pterovlpolyg lutamtte hydrolase had pester affinity for 
folates with longer glutamste chains, whereas the brusb- 
boidei enzyme had no preference for the number of gluiamete 
residues. Whereas intracellular pteroy lpolyglulamate hydro- 
la** is capable of cleaving both interna) and terminal ->- 
glutaroale linkages, the brush-border enzyme is an eiopepli- 
dase (2). 

Comparisons of human intestinal intracellular pteroylpol- 
vriuiamete hydrolase with pteroylpolyglutamBte hydrolases 
from other mammalian tissues reveal similarities and differ- 
ences. Similar properties of pteroylpolyglutamste hydrolases 
have been described in human liver (16), bovine liver (11), rat 
liver (16), bog kidney (19), guinea pig intestine (20), and tbi 
intestine (21). In each site, the enryme bad an acidic pK 
optimum and wbs demonstrated to be lysosomal in human 



Human Jejunal Jnirueliuiar PietoyipoiyflutomoH hydrolase 



livei, rat livu, trie fuinte pif inunint. The ability to cleavt 

lr.umnt, whereas t jopt-ptidbM- fcctivity whs observed jr. bv- 
men jiver tnd hof kidney. Affinity toward longer rlutamau 

Furthermore, sensitivity to pulfnydryl events htid the protec- 
tive effect of re-ducinf- tpinlf were properties ol puioyljxiiv 
fluu-.mate hvdroii-.se from human livu, bovine livu, end hof 
kidney, which *upr«u involvement of SH poupe in activity. 

The role of intracellular puroylpolyf iuiinmu hydrolase ii, 
the human ir.ufimtl mucost if obscure. A possible lr.vciv. - 
ment of the intracellular pie roylpolypuUimaie- hydroiBsi ii. 
the ebsorption of dietary foieu if not ejcluded but would 
require transport of si) 01 part of thf pteroylpolyf iutt ros tes 
into thf ft II prior to hydrolysis. Imrece Jlular pu-royipo)yriu- 
uemau hydrolase may function in repulstlnf the ievelf of 
pic-roylpclyf lutajnatte within the enurocyte since others bsvt 
cimcriftittffl' the capability foi synthesis of these form.* of 
the vitamin bv intestinal mucott' (22). The similarities be- 
tween human intestinal intracellular pteroylpolyf lutsmeu 
hydrolase end the imracellule r enzyme from othti mamma- 
lian tissues imply thet these enzymes have similar roles m 
cellular folate- metabolism, Furthermore, pu roylpolyr iuta- 
mete ic not only the preferred coenzyme for many foiate- 
deptnotnt enzymes in sinple carbon transfer reactions but 
also has tx-< n found to be en effective inhibitor of a number 
of enzyme*, including thymidylete synthetase- amd methylene- 
H,PteGiu reductase (23, 24). Others observed increased flu- 
tamylntior, of folate in hepatoma cells in the presence of 
insulin or d< j a me tbasone (26). These obstructions suffeei 
thet a fairly cotoplej ref-uletion of pteroylpolyf lutamate levels 
ejiste in the cell and implies thet je-juna) mucoml intracellular 
pu-roylpolyrjuiamete hydrolase may play a significant phys- 
iological role in ceUuleJ metabolism. 
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